^^ teMrt ^ !E l * ,l ' , '« l, ' '-www»i 8 





76 00506 2220 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGINALLY ISSUED 

February 19^2 as 
Advance Restricted Report 

WIND -TUNNEL INVESTIGATION OF AN NACA 23012 
AIRFOIL WITH A HANDLEY PAGE SLAT 
AND TWO FLAP ARRANGEMENTS 
By Marvin J. Schuldenfrei 

Langley Memorial Aeronautical Laboratory 
Langley Field. Va. 



HACA 



WASHINGTON 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to ah authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L 26l 



\ 



WIITD— TXTKITEL INVESTIGATION OP AN NACA 23012 



AIEPOIL WITH A HANDLEY PAGE SLAT 
AND 2? WO FLAP-AEEANGEMENTS ■ 
By Marvin J. Schuldenfrei 



STJKrxAEY 



An Investigation was made in the 7- by 10-foot wind 
tunnel of an ITACA 23012 airfoil equipped with a Handley 
Page slat and a slotted and a split flap. The purpose 
of the investigation was to determine the aerodynamic sec- 
tion characteristics of thie airfoil with and without 
flaps, as affected "by the location of the Handley Page 
slat. A range of slat-nose locations was investigated 
"both with and without flaps at e constant slat gap, and 
the effect of slat gap was investigated for the slotted 
flap deflected 40°. The slat position for marcimum lift, 
polars for slotted and split flaps for the most favorable 
slat arrangements for maximum lift, and complete soction 
data for the most favoraole slat arrangements are included'. 
Contours of slat-nose location aro given for maximum lift 
coefficient, for angle of attack for maximum lift coeffi- 
cient, and for drag and pitching momonts at selected lift 
coefficients. 

The Handley Pago slat in its optimum position on tho 
plain airfoil increased the maximum section lift -coeffi- 
cient "by 0.52 and increasod tho angle of attack for maxi- 
mum lift coefficient "by about 9°. With oither tho split 
or slotted flap deflected, thj slat increased the maximum 
lift coofficiont of tho airfoil-flap combination by about Q 
0.3G and tho angle of attack for maximum lift by about 14 . 
In all casoB tho drag coofficiont at a givon lift cooffi- 
ciont was higher with tho slat oxtondod than with tho slat 
rotractod. 

INTRODUCTION 



Sovoral proviouB invostigat ions by tho NACA and othors 
have shown that an oxtenslblo loading-edgo dovico offers a 
fair solution to tho ->robloms encountorod in docroasing 
landing spcods, which have bo como incroasingly high as 
wing loadings aro incroasod to obtain groat or maximum 
speeds. Tho problem of maintaining latoral control ovor 
tho incroasod spood rango usually rosolvos itself into ono 
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of maintaining control at low spoods, oapocially in tho 
proaonco of lif t-incroasing dovicos. The uao of high- 
lift dovicos brings othor associated problems: inoroasod 
tail load noocsBary for trim, duo to the rearward Cuntor- 
of-prosauro travol with flaps, and tho abrupt drop in lift 
at tho stall oncountcrod with some high-lift clovices. 

She estenrible leading-edge slat has two separate ef- 
fects that contribute to the solution of theae problems. 
Tho slat meintains the air flow over the top nurface of 
^ha main wing which i8 kept from burbling up to an angle 
appreciably boyond the normal stall. Tho lift ia thus 
maintained for an appreciable range of angles above the 
normal stall angle. In addition, ♦■■he slat itself contrib- 
utes a lift that adds to ths lift of tho main wing. The 
totrl effect is an increasod luaxinum lift, as well as an 
increased angle of attack for r.aziuua lift. Above the 
nor-al stall angle of the airfoil without the slat, the 
lift increased rather 6lowly for the airfoil-slat combi- 
nation. This condition produces a flattening of tho lift 
curvo and tho slow response of the rirplano may sorve as 
a warning to the pilot that tho stall is being approachod. 

Tho BACA has conducted several investigations of oac- 
tonsible loading-odgo alats and of fiacod loadir.g-odgo 
slots. The offect of a Eanllcy Page slat on a plain 
Clark Y wing is given in roforonco 1. The sano slat and 
wing combination was tested (roforonco 2) in the procenco 
of a Fowler flap. Dr-.tn aro also includod in roforonco 2 
on a modification of thu slat. Roforonco 3 includes val- 
uable air-load dat.- that nay bo used in tho structural 
design of a loading-odgo slat and its associated airfoil. 
Tho rosults of tosts of leading-edgo slots for both Clark 
Y and iTACA 23012 airfoils with and without flnpe aro in- 
cludod .in roforonco s 4 and 5. 

Tho proqor.t investigation oztends tho toste of tho 
previous roforonco s to an ITACA 23012 airfoil equipped 
successively vlth split and alottod flaps. The data for 
tho airfoil-flap combinations flone are givon in refer- 
ence 6. 

110331 



Plain airfoil .- The basic, or plain; airfoil had a 
chord of 3 foot .and a span of 7 foot. It was built to tho 
HACA 33012 profilo, tho ordinatoa of which aro givon in 
roforonco 6. 
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Flaps A slottod and a split flap voro tostod. Tho 
slottod flap hnd"~n-*chord of 25-.-66— porcont of. tho airfoil 
chord, was dosignntod 2— h in roforonco 6, and was fastened 
to the main airfoil as indicated in that reference. The 
ordlnates for the Blotted flap are given in figure 1. The 
split flap had a chord of 20 percent of the airfoil chord 
and was made of i-inch plyvood. Jor tests with the split 
flap, the slotted flap was locked in its neutral position, 
the gaps at the flap-slot entry and exit were sealed with 
plasticene, and the split flap was fastened to the airfoil 
by means of wood blocks that gave the desired flap deflec- 
tions. 

Slat . - The slat, which is shown extended in figure 2, 
was machined fron an aluminum alloy to the ordlnates sup- 
plied by Hsndley Page, Ltd., of England. These ordinatOB 
are given in figure 1. The slat was nada in two pieces, 
tho division being in the center, spanwise, of the slat. 
Three s - j)eciaL f itt ings were attached to tho airfoil, and 
tho nose of the slat (hereinafter ref3rred to as the "slat 
roferonco point") pivoted on those fittings in such e aan- 
nor that tho roforonco point could bo locatod through a 
wido rango of positions. Tho trailing edge of the slat 
was bold et fivo points along tho span by fittings that 
also served to sot tho slat gap. 

Thu ; ; 0 8O of tho basic airfoil was modified as indi- 
cated in figuro 1, to accommodate the slat. With the slat 
fully retract jd, tho eirfoil shape was that of tho NACA 
23012 airfoil. A small vorkir.g cloaranco botweon tho slat 
and tho airfoil was allowed, tho slat fitting against tho 
airfoil only at tho roforonco point and at tho slat trail- 
ing odgo in tho rotractod position. 



TESTS 



The model was mounted vertically in the test section 
of the IT A OA closed-throat 7- by 10-foot wind tunnel so 
that it completely spanned the jet except for small clear- 
ances at each end (reference 6; . The main airfoil was 
rigidly attached to the balance frame by torque tubes which 
extended through the upper and the lower boundaries of tho 
tunnel. The angle of attack of the model was set from out- 
side the tunnel by rotating tho torque tubos with a cali- 
brated drivo. Approximately two-dimensional flow is ob- 
tained with this type of tost installation and tho section 
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characteristics of the modol under toet can "bo dotorminod. 

All toots woro mado at a dynamic proasuro of 16.37 
pounds por squaro foot, corresponding to a volecity of 
a "bout 80 miles por hour undor standard atiao sphorlc condi- 
tions and to a tost Eoynolds numhor of about 2,190,000. 
Because of tunnol turtulonco, tho effective Hoj-nolde num- 
ber was 3,500,000 basod on a wir.g chord (slat rotraotcd) 
of 3 foot f.nd on a turbulonco factor of 1.6. The lift, 
drag, and pit ching-momont coofficionts wore moasurod in 
all tests iroa an angle of attack of -6° to tho stall. 

Che position of tho slat reference point vas variod, 
systematically , until tho location for maximum lift coef- 
ficient vas dotorminod for the plain airfoil, for the air- 
foil with the split flap deflected 60 .and for the air- 
foil v/ith the slotted flap deflected 40 . The slat gap 
was maintained at 2 percent of the airfoil chord, the op- 
timum gap from previous investigations. Sufficient data 
were o'ctained to plot contours of the slat-ref erence- 
poir.t position for various lift coefficients. 

Por the slotted and split flaps the intermediate flap 
angles were run with the reference-point location at the 
location for maximum lift for tho flap fully deflected. ' 
In these tests tl.e slotted flap was located at the optimum 
position for each deflection as indicated by reference 6. 
These positions are also given in figure 7 of the present 
report. Por all tests of the slotted flap at zoro doflec- 
tion, the gaps between tho flap and the airfoil wero sealed. 

In ordor to chock tho slat-gap sotting of 2 porcont 
of tho airfoil chord ae tho optimum for maximum lift coof- 
ficiont, tests woro made with 1^-porcont and 2^-porcont 
slat gaps, tho slat-rof eronco-point location "being variod 
to obtain maximum lift. Although insufficient data woro 
obtained to allow the plotting of contours, the maximum 
lift coefficient with 1^-porcont and 2-J-porcont slat gaps 
was fairly woll dotorminod. 



RESULTS 



Coefficients .- The tost rosults aro given in standard 
NACA nondimonsional soction-coof f iciont form, corroctod as 
oiiplaincd in reforonoc 6:" 



section lift coofficiont (l/qc) 
c^^ section profile-drag coefficient (d 0 /qc) 

c m . . section pit ching-moment coefficient about 
(a.c.) 0 aerodynamic center of plain airfoil 

(*(a.c.) 0 *° 3 ) 

where 

I section lift 

d 0 section profile drag 

m (a c ) section pit chine-moment about aerodynamic 
x * * 0 center of plain airfoil 

q. dynamic pressure (•£ p V ) 

c chord of basic airfoil 

and 

a Q angle of attack for infinite aspect ratio, decree 

6 f flap deflection measured from flap neutral posi- 

tion, decree 

Precision .- The accuracy of tha test results is "be- 
lieved to lie within the limits indicated in the following 
table: 

a 0 ±0.1° c d(j at Cj = 1.0 .... *0.0006 

c, ±0.03 c a at ci = 2.5 ±0.002 

l mas a o 1 

°»(a.o.) 0 * ' * ±0 -° 03 8f • * ±0,2 ° 

c d .... ±0.0005 Flap and 3lat positions a=0.001c 

°min 

Ho corrections have boon applied for the effect of the 
slat fittings. It is believed that this effect is small 
and is tho same for all tosts, and that the relative values 
of the tests should bo unaffected. 
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DISCUSSION 

Effoct of slat location oa section nar.liauu lift coef- 
ficient Contours of slat-refcrence-poi.it location for 
Cj are given in figure 3 for a slat gap of 0.02c. It 

na;/ "be seen that the presence or absence of tho flap has 
little effect on tho cptinun location of the reference 
point for naxiaui: lift. The location of this point is at 
e. slat width of C.09c and a sift depth botweon -0.05c and 
-0.06c. IZ.o increae.'it in caxi-'.ur: lift coefficient due to 
the slat £c 7 is 0.53 for tl-e -slain airfoil, 0.27 for 

tho plotted flap deflected 40°, and 0.24 for the split flap 
deflected 60°. On all contour drawings the figure shown 
at tho nose of tho airfoil itself is the value for tho air- 
foil with the slat fully rotracted. 

It appears that a 1-porcont variation in width or 
depth, froa tho optiuui- location, riakos a cha.-.^e of about 
1-4 Dcrcont in c, . Variation in vidth, howover. is iioro 

critical, on tho avorcgo, than variation in depth, 

3f foct of pl at location on rngle of attack for naxl- 
inua lift coefficient .— Contours of 3lat-ref eronce-point lo-' 
cation for a 0 for uaxiEiun lift coefficient, with a slat 
Cap of 0.02c, are presented in figure 4. The location for 
greatost angle of attack for maximum lift coefficoent is 
approximately the aa^e as the location for greatest naxi- 
mua lift coefficient. The r.aximiEL increment of angle of 

attack due to tho slat ia ft at c, is epproximately 

° ^max 

9 for tho plain airfoil, 16 for tho slotted flap deflect- 
ed 40°, and 14° for the split flap deflected 60°. 

ISffect of slat lo ca tior. o n soc t ion r>r o f lie-dra g co ef - 
fi cient .— Contours of the slat-r ef erer.ce--noint location 
for c^ at various lift coefficients are shown in figure 

5. These contours na;' prove useful in tho se'lection. or 

det erninat i on of glide angle, which is defined as the 
■p 

tan" 4, The drag coefficient generally decreases with 

L 

slat oxtension upward and forward, and tho drag coefficient 
is appreciably groator with tho slat cxtondod than with 
tho slat retrnctod at the same c. . 



E ffect of slat location j&a section -pitching-mpiaen t 

coefficient Contours of the slat-reference-point -location 

for c™. . at various lift coefficients are shovm in 
^(a.c.) 0 

figure 6. She slat has a positive pit ching-moment effect, 
tending to decrease the negative pit ching-moment coeffi- 
cient of the airfoil-flap cqjghinat i®n . The effect "becomes 
greater as the slat is moved farther forward and upward. 

Ae r o dvn amic secti on characteristics of air foil-f lap- 
slat combination .- The effect of flap deflection on the 
aerodynamic section characteristics of the airfoil-slat- 
flap combination with the slotted flap is indicated in 
figure 7. It may be seen that^ a.bove the angle of stall 
of the plain airfoil (about 15 ) , the lift increases less 
rapidly with, change in angle - of attack. The final stall 
occurs at approximately 24° @r 25 . The break in the lift 
curves at 15 is accompanied "by a large increase in drag 
coefficient for angies of attack greater than 15 . A"bove 
a lift coefficient of about 1.0, the negative pitching- 
momont coefficient decreases with increasing lift coeffi- 
cient, which corresponds to a forward movencnt . of the 
center of pressure . of • the airfoil. 

The aerodynamic section characteristics of the air- 
foil with the slat and the s^lit flap at various deflec- 
tions ere shovm in figure 8 for two slat positions. In 
figure 8(a) the slat reference point is located at a depth 
of -O.C6c end in figure 8(1))^ at a depth of -0i04c. In 
"both parts of figure 8 the slat width is 0.09c, and the 
gap'0.02c. The drag coefficient of -the airfoil with, the 
split flap is higher than that of the airfoil with the 
slotted flap for similar conditions, "but the ■ pitching- 
momcnt coefficient is considerably lower. The angle of 

pttack for c 7 increases slightly with increasing flap 

''max 

deflection. 

A comparison of the split and the slotted flaps at 
maximum deflection is shown in the following tahle: 



flap 


■v 

(deg) 


* 

Slat depth 
. .(percent c) 


max 


Split 


60 


.-0.06 


2.78 


Split 


■ 60 


-.04 . 


2.68 


Slotted 


40 


-.06 


3.05 
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Corrparison of various airfoll-f lan-slat combinations .- 
A diroct comparison of tho slottod and tho split flap 
characteristics with thoso of tho plain airfoil with tho 
slat in two locations is mado in figure 9. Tho curvos for 
tho plain airfoil show that tho offoct on the aorodynamlo 
characteristics, due to a slight variation in depth of the 
slat reference point, is negligible. 

She gain in mnximuQ section lift coefficient over the 
maximum lift coefficient of the plain airfoil, due to the 
addition of the slat and to the deflection of either flap f 
is shown in figure 10. The slat alone Q adds an increment 
of lift coefficient of 0.52 at 8f = 0 and of about 0,26 
at 6> for either flap. 

A plot showing the change in angla of at tack for 

c, at various flap deflections for the airfoil with 

'max 

nnd without the Handley Page alat is given in figure 11. 

The curves in figure 11 show that flap deflection with the 

slat retracted decreases the angle of attack for Ci 

'max 

from that of the basic airfoil, whoreas flap deflection 
with tho slat extended slightly increasos the angle of at- 
tack for Ci 

fc max 

A comparison of tho drag characteristics of boifh. 
flaps, with and without the slat oxtondod, i's presented in 
figure 12. The minimum drag coefficient with the slat ex- 
tended is about three times that with the slat retracted. 
At take-off lift coefficients (cj, approximately 1.5), the 
drag is slightly higher with the slat extended than with 
the slat retracted. Above the maximum lift of the airfoil- 
flap combination with the slat retracted, the extension of 
the slat causes a large increase in the ratio D/L. In 
flight this increase would be equivalent to a steepening 
of the glide angle (tan" 1 D/L). 

Figure 15 summarizes the important characteristics of 
figures 5 to 12. Because the increased angle— of-attack 
range is probably the most important advantage gained 
through the use of the slat and because it is the variable 
directly under the pilot's control, the characteristics are 
plotted with respect to angle of attack. From the pilot's 
viewpoint, the flattening of the lift curve is advantageous 
as a warning of an approaching stall, which would probably 
be accompanied by a marked vibration throughout the air- 
plane. The decrease in negative pitohlng-moment coeffi- 
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clout with increase in angle of attack 1b desirable because 
the .elevator defl.octl.ons required, r f or landing may bo re- 
duced. It should bo noted, howevor, that there is almost 
no reduction in pltohing-moment ooofficiont in the lovor 
lift range. The use of a slat vill not, therefore, allow 
a decrease in tail area because the tail size will be de- 
termined primarily by the maximum wing pitching moment to 
be balanced at the design high speed with the flap deflect- 
ed and the ' slat extended. She increased anglo-of-attaok 
range mates the use of the slat desirable over the aileron 
portion of tho wing in order to improve the lateral stabil- 
ity and control at angles of attack near or above the stall 
of the basic wing. 

Effect of E l at Kan .- Tho of feet of slat cap is shown 

in figuro 14 for tlio airfoil with the slotted flap defloct- 

ed 40 . "ith p snaller gap, the optimum position of the 

slat reference point for c, moved forward and down- 

'max 

ward; however, a comparison of characteristics at the best 
locations for c, shows no aToreciable effect with 

small change n in slat sap. 



COECLUSIOHS 



1. The Hpndley Page slat extended the angle-of -at tack 
range about 9° for the plain airfoil and about 14° with op- 
timum deflection of either slotted or split flap. 

2. The maximum section lift coefficient of the plain 
airfoil we s increased 0.53 by use of the slat, and the 
ma::inum lift coeffjeient of the airfoil with eithor flap 
at optimum flap dofleotion vae increased about 0.26 by the 
use of the slat . The high drag associated with the increased 
lift should allow r. steeper glide angle. 

3. Tho extonsion of the slat docroasod the nogntive 
pitching momonts at hijh lift coofficients with flaps de- 
flected but hr.d littlo effect in decreasing pitching mo- 
ments at moderate lift coefficients. 



National Advisory Committee for Aeronautics, 
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.4 .8 1.2 1.6 2.0 2.4 2.6 
Section lift coefficient, c, 
Figure 7.- Aerodynamic section characteristics of NACA 

23012 airfoil with a 0. 2566c slotted flap 
and a Handley Page slat. Width, 0.09c; depth, -0.06e; 
gap, 0.02c. 




.4 .8 1.2 1.6 2.0 
Section lift coefficient, c, 
Figure 9.- Aerodynamic section characteristics of HACA 

23012 airfoil with and without flaps and with 
Handley Page slat at optimum location for o^^. 
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Section lift coefficient, c, 
(a) Depth of slat reference point, -0.06o (b) Depth of slat reference point, 0.04e 

Figure 8.- Aerodynamic section characteristics of NACA 23012 airfoil with a 0.20c split flap and a Handley 
Page slat. Slat width, 0.09c, slat gap, 0.02c. 
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Figure 10.- Effeot of flaps and 

Handley Page slat on 
lnorament of naxlMum seetion lift 
ooaff ioient. 
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Figure 12. 



.4 .8 1.8 1.6 2.0 2.4 2.8 3.2 
Section lift coefficient, c, 

Comparison of profile-drag ooeffioients Qf IACA 
23012 airfoil with two types of flaps and a 
Handley Page slat. 
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Figure 11.- Effeot of flaps and Handley 

Page slat on angle of 
attaok for mailman lift. 
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+ Plain airfoil 

o Plain airfoil and Handler Page slat 
□ Plain airfoil and 40° Blotted flap 
x Plain airfoil and 40° alottad flap 

with Handler »lat 
O Plain airfoil and 00° rplit flap 

with Handler Page slat 
a Plain airfoil and 60° wplit flap 
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Figure IB.- Effaot on aarodynaalo aeotlun ohereoterla- 
tloB of the IACA 23012 airfoil dna to th* 
addition of two typei of flapa and a Handler Page slat. 
Slat looatlon optimal for oi 
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Figure 'a,- Effaot of alat gap on aerodynanlo aeotion 

sharaoterlatloa of IAC1 28018 airfoil 
with 0.26660 flap deflected 40° and alat at options 
looatlon for 0] ^,, 



